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The theoretical atomic collision physics program at Rice includes studies of a variety of
low:to-intermediate energy atomic collision processes of possible importance to advanced
energy research. Semi-classical, classical and quantum mechanical methods are used to
investigate: excitation and electron-capture in ion-atom/molecule collisions; state-changing

' and ionization in collisions of excited atoms with atoms and molecules; and Rydberg atom
collisions. Our research program continues to benefit significantly from collaborations
with colleagues at Rice and other institutions, including many researchers supported by the
DOE atomic physics program.

The current focus of the research is low-energy (collision v<< bound re) inelastic
collisions for selected systems that possess the characteristic that many intermediate states
are strongly coupled, such as can occur in classes of excited-atom (including Rydberg
atom) collisions with atoms, molecules and positive and negative ions: (1) We are
interested in the dependence of various differential and total cross sections on the angular
momentum of the initial excited state and on the alignment of the initial electron charge
distribution (for non-spherical initially excited states). (2) We wish to understand how
characteristics of the classical trajectories (in CTMC calculations), e.g. multiple encounters,
quasi-periodicity, chaos, relate to characteristics of the probability (scattering) amplitudes
obtained from semiclassical (quantum mechanical) treatments. (3) In particular, in order to
investigate a range of "interaction regimes," we have proposed to study low-Rydberg-atom
collisions with: ions and polar molecules (long range interaction); non-polar molecules and
atoms (short-range interaction); as well as electron-attaching atoms/molecules (transient
electron capture possible). (4) We plan to look for observable signatures of possibly novel
intracollisional interference effects and quasi-vibrational resonance effects that may occur in
low-Rydberg collisions.

In the first grant year, which ends on June 30, 1992, we proposed to complete a number
of projects that were begun under the previous grant and initiate new studies addressing the
research objectives outlined above. We have been able to make considerable progress on
all the projects proposed for this first year; very brief descriptions follow. Research is
continuing in all these areas.

Ionization of low-Rydbe.rg atoms in collisions with polar molecules :
Classical (CTMC) calculations of ionization (and other state-changing) cross sections have
been performed for Na(ni) on HCI molecules to study the relationship between the collision
velocity dependence of the cross sections and the onset of multiple electron-molecule
encounters in the collision.
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We find that at thermal velocities, ionization results from a transfer of rotational energy
from the molecule and usually involves many electron-molecule encounters. The resulting
velocity dependence, as expected, is not a simple 1/v form; and it appears to agree, at least
qualitatively with the experinaental observations of Pesnelle's group (Phys. Rev. A 38,
4552, 4560 (1988)).

Dependence of amplitudes add cross sections for low-Rydberg-aton! collisions wilh He on
alignment of initial (np) state ' Semi-classical (impact-parameter) calculations havebeen
perforrned to study the dependence of n,l -- n',l' state-changing cross sections on the
alignment (direction of principal axis of the p orbital, in this case) of the initial electron
charge distribution. For Na(Tp)/He collisions at low velocities, the dominant final channels
are Na(6f, 6d, 6p and 7s). The alignment dependence is found to be significant and is not
entirely washed out, therefore observable, in the integrated cross sections.

!ntraco!lisional effects and quasi-vibrational resonances in low-Rydberg collisions with
atoms: Only preliminary studies have so far been carried out to see if these effects will be
experimentally observable, and at this point we are not rely to say. The resonances are
due to quasi,vibrational (pre-dissociation) states in the shallow wells that occur in some of
the oscillatory adiabatic potential curves of the Na(nl)/He system. Our tentative conclusion
is that several resonance states exist with lifetimes that are likely to be sufficiently long to
produce structure in the cross sections. However, we have not yet performed the quantum
mechanical collision calculations. The intracnllisional interference effects refer to the
possibility of an observable situation in which an incident He atom passing through
different lobes of the wavefunction of the aligned Rydberg atom "scatters" the electron
twice (or more times), with amplitudes which interfere with one another. We have seen the
effect in semi-classical calculations for a selected narrow range of impact parameters. The
phenomena should be present in differential cross sections, which, unfortunately, would be
very difficult to measure; is not clear if the features wash out in a sum over impact
parameters.

Charge-transfer cross sections and alignment/orientation parameters for
Na(3p)/He+collisions--comparison with Na(3s)/He+ co!llsions: Semi-classical (MO multi-
state) calculations have been performed for collision energies in the low keV/amu range.
The cross sections for single charge-transfer are found to be comparable for Na(3s) and
Na(3p) collisions up to 8-10 keV/ainu. For Na(3p) collisions, the final-state orientations oi'
He(21,3p) are relatively independent of energy in the range 3-119keV/amu but show large
variations with respect to impact parameter.

Other projects: In addition to the projects described above, a few from the earlier grant are
nearing completion and many are completed and papers either submitted or in various states
of prepara6on. These include: charge-transfer in collisions between stripped ions and H
and H2, quenching in collisions between Rydberg Na and Li atoms and rare-gas atoms,
and a few small projects related to experimental programs at Rice.
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PAPERS PUBLISHED I.N 1991. OR LATER. AND PAPERS IN PRESS

Many of the lo!lowing papers report research begun under the previous grant, when Dr,
Kimura was a particularly active collaborator. Some of the following papers are are 'also
co-authored by scientists who visited Rice for short periods during the summers and
received very modest support from the grant. Ali papers acknowledge the DOE OBES
Division of Chemical Sciences.
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M. Kimura and N.F. Lane, "Theoretical study of charge transfer in He + + H2 collisions in
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N. Shimakura* and M. Kimura, "Electron capture in collisions of N5+ ions with H atoms
from the mev to kev energy regions," Phys. Rev. A 44, 1659 (1991)

N. Shimakura*, M. Itoh and M. Kimura, "Molecular treatment of electron capture in
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*(Dr. Shimakura was a summer visitor at Rice U. while a portion of this
work was completed and received a small amount of support from the grant.)

C.M. Dutta, N.F. Lane and M. Kimura, "theoretical study of nonresonant 3He+ + 4He --
3He + 4He+ charge-transfer in the threshold region," (submitted for publication).
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